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Abstract 
Demand on water resources has been rapidly increasing and the issue of supplying adequate water to meet 
societal needs is one of the most significant challenges faced by researchers. Water shortages or flooding is 
becoming a major issue. Adopting the concept of conservation of water resources could help to cope with the 
global water shortage as well as to mitigate flooding. This chapter provides insights into a range of aspects 
associated with alternative water supply systems with focus on rainwater harvesting (RWH) and groundwater, and 
evidences through some previous studies. Their potential applications in Malaysia, benefits and limitations in 
implementing RWH and groundwater exploration are highlighted. Also, the uses of RWH structure for 
augmentation of groundwater are emphasized. 
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1. Introduction – Water Issues In Malaysia  
Water is very essential resource for the survival of human in every day life. Majority of human activities involve the 
use of water consumptions such as drinking, washing, and cooking. There are many ways in which water can be 
collected. The main sources are from surface water such as rivers or lakes, dams, catchment areas, drainage 
systems, rainwater and groundwater that flow below the ground level. Surface water have in several places become 
inadequate or even unavailable due to several factors such as rapid increase in demand due to population growth, 
industrial or agricultural expansion, deteriorating quality of surface sources, and low flow of surface sources during 
prolonged droughts. It is very difficult to survive in a day without water as it is a very important element in daily life. In 
addition, due to cheap water tariffs compared to the other countries such as Indonesia and Singapore, people tend to 
overlook the water wastage [1]. 
As there will be an increasing demand and pressure on water resources due to rapid population growth, there is 
urgent need to utilize the limited amount of water resources available in a more efficient way. The conservation of 
water resources can help to cope with the growing demand of water supply. In extreme cases, Malaysia receives 
heavy rainfall in between November and February as much as 600 mm in 24 hours. The annual average rainfall is 
2,420 mm for Peninsular Malaysia, 2,630 mm for Sabah and 3,830 mm for Sarawak. This statistics shows that the 
annual and monthly rainfall amount of rain in Malaysia is quite large [2].  
However, despite the abundance of rainfall and water resources in some areas, water scarcity problem still persists. 
Water scarcity is commonly associated with drought seasons. Drought refers to a temporal decrease in water 
availability and water scarcity. This phenomenon occurs when demand for water exceeds the available sustainable 
resources. In Malaysia, extreme drought events occurred in 1992, 1998 and 2014 and involved approximately 3.2 
million users [1].  
Rainwater harvesting (RWH) and groundwater are some of the solutions to the problem in areas having inadequate 
water resources (water crisis) or facing long-term water supply disruptions. Excess rain water harvested from roof 
top, could also be used for artificial groundwater recharge. Nowadays, in several rural areas and most inhabitants 
especially in Johor and Pahang still rely on the rainwater and groundwater for daily use (Figure 1). 
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Figure 1: Groundwater and rainwater supply in rural area. 
2. Rainwater Harvesting (RWH) 
2.1  Rainwater harvesting around the world 
 
One solution already tested to supply water especially to rural and remote areas is rooftop rainwater harvesting, 
which is a well-established traditional approach over hundreds of years ago. It collects natural rainfall and channels it 
into underground tanks that can store and provide safe water for daily needs. Rainwater can be collected through the 
system of rainwater harvesting which is ideal for the location that has consistent history of amount of precipitation per 
year. However, the implementation of RWH system is proposed to introduce an alternative source of water as a 
support to the current water sources that probably could not fully satisfy the ever increasing water demand for the 
future due to rapid development and urbanization. In developing countries such as Bangladesh, Botswana, China, 
India, Kenya, Mali, Malawi or Thailand, RWH is being used mostly to cope with water shortages for potable and non-
potable use [3-6]. In developed countries such as Belgium, France, Germany, Japan, New Zealand, Singapore or 
United States, RWH is being promoted mainly to complement conventional systems for non-potable use, such as 
toilet flushing, clothes washing, watering plants, irrigation and for potable uses [7].  
In Malaysia, Rainwater harvesting system was introduced after the 1998 drought by Ministry of Housing and Local 
Government (MHLG). Table 1 shows the list of guidelines concerning RWH in Malaysia based on chronological order. 
National Hydraulic Research Institute of Malaysia (NAHRIM) that was established under Ministry of Natural 
Resources and Environment in 2004 is also one of the agencies that carried out pilot projects for rainwater harvesting 
system. The projects were (i) double storey terrace house located at Taman Wangsa Melawati, Kuala Lumpur, (ii) 
Taman Bukit Indah Mosque, Ampang and (iii) Headquarters of the Department of Irrigation and Drainage, Kuala 
Lumpur. In support of the Government’s interest in Rainwater harvesting system, NAHRIM also actively involved in 
designing and installing rainwater harvesting system for several schools [8].  
 
Table 1: Guidelines and principle for rainwater harvesting implementation details [9-10] 
No Guidelines Year 
1 
Guidelines for Installing a Rainwater Collection and Utilization System Ministry of 
Housing and Local Government 
1999 
2 
Rainwater Harvesting: Guidebook on Planning and Design Department of Irrigation 
and Drainage Malaysia 
2009 
3 Guideline on Eco-Efficiency in Water Infrastructure for public Buildings in Malaysia 2011 
4 Urban Stormwater Management Manual for Malaysia, MSMA 2nd Edition 2012 
5 
Panduan Pelaksanaan Inisiatif Pembangunan Kejiranan Hijau e-Sistem 
Pengumpulan dan Penggunaan Semula Air Hujan 
2012 
6 Garis Panduan Perancangan Kejiranan Hijau 2012 
7 Garis Panduan Sistem Pengumpulan dan Penggunaan Air Hujan 2013 
8 Urban Stormwater Management e Part 6: Rainwater Harvesting, MS2526-6:2014 2014 
 
In Johor, a number studies have been carried out to investigate the effectiveness of rainwater harvesting system. [11] 
investigated the technology used in rainwater harvesting and focusing on water quality using the biosand filtration as 
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a treatment system. They concluded that rainwater harvesting system has the potential to meet some of the water 
requirement of urban or rural dwellers. [12] carried out a study on rainwater harvesting system and its suitability in 
terms of water quality at the Universiti Tun Hussein Onn Malaysia main campus. It was suggested that the RWH 
system can be applied to the area investigated and the sand filter for the removal of the contaminants. 
Table 2 summarizes studies that were carried out in Malaysia which focused on the rainwater quality, the potential of 
implementation of RWH, the feasibility of system and also the cost reducing factors. All of these studies concluded 
that this RWH system have the potential to reduce cost and pollution and can be considered as one of the alternative 
for the water resources.  
Table 2: Recent studies on the implementation of RWHS in Malaysia 
Title Key Findings 
Development of an Integrated System for Ozone 
Treated Harvested Rainwater in Perspective of 
Green Building Scenario of Malaysia [13] 
 Capability to provide good quality rainwater for 
potable uses overcome environmental pollution. 
 Provided a healthy safety and also save the 
economic resources. 
 Microbial contaminant can be reduced and could 
provide alternative water source in future. 
Rainwater harvesting as an alternative water 
resource in Malaysia: Potential, policies and 
development [9] 
 RWH emerged as one of the measures to enhance 
the resilience of human society towards the water 
shortage problems in Malaysia. 
Feasibility study of rainwater harvesting in 
Universiti Malaysia Sabah’s residential colleges in 
support of the eco-campus initiative [14] 
 A form of green infrastructure due to its contribution 
to sustainable water resources management. 
 Reduce the dependence of treat pipe water up to 
2,985 m
3 
per year and save water bills up to RM 25, 
579.89 annually. 
 
Feasibility study of rainwater harvesting in 
Universiti Malaysia Sabah’s residential colleges in 
support of the eco-campus initiative [15]. 
 RWH can help to reduce the use of treated water for 
being use as non-potable purposes. 
 
There are two main techniques of rainwater harvesting, these include the storage of rain water on surface for future 
use and recharge to the groundwater system. The water harvesting for household and for recharging purposes are in 
existence for long years in the world. Many researchers have adopted rainwater harvesting techniques in different 
parts of the country to enhance the groundwater levels in droughts prone areas and its significance to improve the 
water quality in aquifers and to sustain soil moisture for the vegetation cover [16-18]. To date, it has not been widely 
applied in the country. Therefore, it is worthwhile to apply these techniques for the benefit of present and future 
generations. 
 
2.2 Structural Design of The Rainwater Harvesting System And Water Quality  
 
The RWH system consists of three basic elements, the collection system, the conveyance system, and the storage 
system (see Figure 2). The component details of RWH are tabulated in Table III.   
Collection system - It is suggested that zinc roof catchment is the best roofing material and also the best  quality 
water. This is because zinc roof has the ability to withstand hot surface and could sterile the growth of bacteria. The 
roof characteristics such as length and width of roof, the runoff coefficient which depends on the material of the roof 
and the first flush volume which accounts for the amount of water needed to wash the roof with each rainfall before 
the remaining rain water can be used have to be determined.  
Conveyance system - The function of this subsystem is to convey the rainwater from the catchments subsystem 
(rooftop) to the storage tank. Basically this subsystem consists of three (3) main components which are the gutter, 
downpipes and the conveyance pipes. Rainwater from the rooftop is channeled to the gutter and then through the 
conveyance pipes to the storage tank. A continuous wire mesh is placed along the length of the gutter to prevent dirt 
like dead leaves into the gutter and blocking the flow. The first flush device diverts the initial precipitation volume that 
tends to be more contaminated due to washing of the pollutants deposited on the collection surface. The rainwater is 
then stored in a tank and conveyed to the end use point.  
Storage system - In this method, rainwater collected from the roof is diverted to a storage tank. The main 
consideration in designing a RWH system is to size the volume of the storage tank correctly. The tank should give 
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adequate storage capacity at minimum construction costs. The storage tank is designed according to the water 
requirements, rainfall and catchment availability. The tank size for Malaysia regardless of location is 1 m
3
 for roof 
area of 100 m
2 
[19]. With the 10 mm of rainfall is also equivalent to be stored from the 100 m
2
 of rooftop area. As 
such, tank size can be estimated with the following equation: 
 Str 
Where, 
St = Tank size (m
3
) and Ar = Rooftop catchment area (m
2
). 
 
 
Figure 2: Rooftop rainwater harvesting. 
Table 2: Component details  
No. Component  Details 
1 Catchment Area 
Primary collections surface that collecting rainwater. 
Potential rainwater that collected is depending on the 
surface area and surface type of the catchment design. 
2 Gutter and Downpipe 
To transfer the rainwater from the catchment into the 
storage tank. 
3 First Flush Diverter 
Functioned as the remover of contaminant on the roof such 
as dust, dry leaves, bird drops, bacteria, water borne heavy 
metals, and other undesired elements. 
4 Storage Tank 
The component for containment of the rainwater before 
being supplied into filter and consumed by the consumers. 
5 Pump 
To provide pressurization on the downstream type of 
storage. 
 
2.3 Benefits and limitations 
 
This RWH system is an environmental friendly and economic alternative for water sources as it is able to serve with 
advantages towards the consumer such as collecting and treating the rainwater for non-potable use, reduce the 
wastages the treated water and minimize the rainwater runoff which could lead to flooding. Besides, it has a potential 
in assisting to reduce cost of water consumption, and also functions as conservation of water resources for the water 
shortage challenges in some unavoidable seasons. 
The adoption of rainwater harvesting can contribute towards the demand on the public water supply. It can also result 
to keeping rainwater from reaching the ground, it is possible to prevent flooding if carried out on a large-enough 
scale. In Malaysia, RWH system has been extensively investigated. According to [20], 34% of collected rainwater has 
been used by household of six people for non-potable purpose per month. It means that a savings of 34% of water 
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demand and the reduction of cost can be achieved. On a bigger scale, rainwater harvesting can lead to major savings 
for households or small businesses. 
In addition RWH is a simple low-cost technique that requires minimum specific expertise. Once the system is put to 
use, low capital is required to be invested in keeping it running. Collected rainwater can supplement other water 
sources when they aesthetically of low quality like brackish groundwater or polluted surface water in the rainy season. 
It also provides a good alternative and replacement in times of drought or when the water table drops and wells go 
dry. Rainwater is not subjected to any chemicals found in ground water and therefore requires less treatment. 
Rainwater harvesting also reduces soil erosion and keeps surface water from being contaminated with pesticides and 
fertilizers from rainwater run-off. 
In Malaysia, extended periods of droughts can cause water supply to fall short of water demands especially in states 
supporting large scale agriculture for rice production such as Perlis, Kedah, and Selangor [21]. This RWH system can 
be adopted to store the excessive water during wet season for reuse during the drought season. Depending on the 
geology of the area, stored water can percolate into the underlying groundwater table, which is subsequently used for 
irrigation  and domestic purposes via dug wells or tube wells. Despite the advantages, this system is still not fully 
implemented especially in urban areas where space is limited as well as appearance, which is considered a very 
important factor. In most cases, the storage design is limited to the use of a big black tank. Therefore, more aesthetic, 
space saving and modern design should be introduced (see Figure 3). Another limitations of this system can be 
attributed to unreliable rainfall, chemical roof seepage and initial costs. Some kinds of roof coverings will seep 
chemicals which will prove harmful to plant life if the water is used to sustain it. Also, installing a rainwater harvesting 
system can be costly, with systems ranging from the low hundreds to the low thousands in cost. 
As mentioned by [12], there are many technical parameters to be taken into account for RWH namely rainfall 
characteristics, catchment area (roof area), cistern storage size, rainwater demand and overall water use pattern. 
RWH system could be ineffective if other technical parameters such as first flush volume and losses on the roof 
through evaporation and splashing have been overlooked. Therefore, innovative technical solution such as rainwater 
recycling is needed to increase the yield of RWH.  
 
Figure 3: Space saving and modern design of storage tank installed at one of the laboratories in Universiti Tun 
Hussein Onn Malaysia 
In terms of water quality, the harvested water from roof catchments often does not meet the drinking-water standards 
[22]. Most of the studies reveal that harvested water is greatly contaminated microbiologically by varieties of indicator 
and pathogenic organisms. The study thus indicates that the purity of rainwater harvested from rooftops should not 
be taken for granted, also the analysis of the harvested water especially for microbiological contamination should be 
undertaken. Appropriate treatment of collected rainwater would be necessary to make the harvested rainwater fit for 
drinking. 
3. Groundwater 
Groundwater is a valuable natural resource, which is considered as a potential water sources that can be used to 
meet the increasing requirement for domestic, industrial and agricultural needs. It is found underground in the cracks 
and spaces in soil, sand and rock. In Malaysia, less than 10% of the present water use is developed from 
groundwater resources [23]. The use of groundwater for domestic purposes is mainly confined to rural and remote 
areas, where there is no piped water supply. Groundwater is thus considered the only logical alternative to 
supplement the supply.  
A tube well is a type of water well with specific design which is installed into an underground aquifer. The main 
purpose of tube well is to extract groundwater for several applications in domestic and industrial sector such as 
agriculture, aquaculture, livestock, factory and mining. Development of a tube well involves the removal of finer 
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material from around the well screen, thereby enlarging the passages in the water bearing formation to facilitate the 
entry of water. Development increases the effective radius of the well and, consequently, its yield [24]. 
 
3.1 Groundwater potential in Malaysia 
 
To meet the increasing water demand in the developing countries, the development of distant water resources is not 
always the best option. Groundwater could be an alternative water source to meet water demand especially in areas 
where the surface water resources have been developed to their limits. To reduce the challenge of water scarcity, 
public water supply in many states in Peninsular Malaysia such as Sabah and Sarawak has implemented the use of 
groundwater as the main source. A large part of the rural population is still dependent on groundwater from dug wells 
and shallow tube wells to fulfil their daily needs. Deputy National Resources and Environmental Minister mentioned a 
comprehensive study need to be conducted to test the level of usability of groundwater as an alternative water 
resource in the country under the 11
th
 Malaysian Plan [25]. Several water basins such as Kuala Langat, Langat River, 
Jenderam Hilir in Selangor and Kelantan have shown high potential of groundwater.  
For example in Kelantan, groundwater is fully developed by using a technique Telaga Jejari (Radius Well 
underground water extraction technique) for potable use since 1935 to supply its 1.4 million residents [25]. The 
groundwater quality is acceptable for most uses which requires minimal treatment, low capital cost for development 
and almost unaffected during long drought season. A comprehensive study needs to be carried out to explore 
potential area of groundwater in other states especially in Johor as alternative to clean water resources. Most of the 
groundwater resources are recharged directly from the precipitation through infiltration thus maintaining the recharge 
potential of an aquifer. However, over exploitation of groundwater resource have resulted in the water levels.  
Also, in Manukan islands aquifer Sabah, a study on recharge and aquifer response was carried out [26]. The results 
presented the variations of recharge into the aquifer und r the prediction simulations. The recharge rate increases the 
water level as indicated by hydraulic heads thus alter the groundwater of Manukan Island which has been suffering 
from an over exploration in its unconfined aquifer. The increase in recharge rate from 600 mm/year to 750 mm/year 
increases the water level. A reduction in pumping rate from 0.072 m
3
/day to 0.058 m
3
/day did not only increase the 
amount of water levels in aquifer but also reduced the supply. Few groundwater studies that was carried out in 
Malaysia are listed in Table 3. 
Table 3: Groundwater exploration in Malaysia 
No Author(s)/Title Findings 
1 
Preliminary Assessment on the 
Hydrogeochemistry of Kapas Island, 
Terengganu [27]. 
This study provides an initial understanding of hydrochemistry at Kapas 
Island which generally depends on the groundwater as a source of supplying 
drinking water and domestic use. 
2 
Groundwater studies in tropical islands: 
Malaysian perspective [26] 
This study revealed that main objectives in most of Malaysian groundwater 
studies are groundwater resources, management as well as mechanism and 
processes of seawater intrusion phenomenon. It shows groundwater studies 
focusing in tropical islands in Malaysia are clearly needed to be increased 
and strategized in terms of research objectives. 
3 
Determination of Groundwater Facies at 
Bestari Jaya, Kuala Selangor [28]. 
Based on this study, it can be concluded that the samples of the aquifer area 
are Na + K, Ca + Mg. This study also showed that the geological condition 
which was the limestone area had influenced the content of the groundwater 
geochemistry. 
 
3.2 Construction of tubewell  
 
There are three (3) stages that need to be followed when exploring groundwater. These are the surface method 
(Stage 1), subsurface method (Stage 2) and well design and construction (Stage 3) (see Figure 4).  
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Figure 4: Groundwater exploration methodology. 
The surface method is the integration of hydrogeological and geophysical investigations to select a feasible point to 
drill a bore hole. According to [29], geophysical investigations are important in defining the subsurface geology and 
the associated parameters usually govern the movement of contaminant plumes. Most of groundwater studies in 
Malaysia using geophysical investigations have employed geo-electrical techniques. Electrical resistivity survey is 
conducted using the ABEM Terrameter SAS 4000, combined with ES 1064 electrode selector (see Figure 5). 
While the second stage of the exploration is the sub surface method which includes drilling pilot bore hole, geological 
such as litholog, hydrogeological and geophysical such as electrical logging. One of the subsurface methods of 
ground water exploration is the electrical well logging. It facilitates continuous recording of electrical response verses 
depth by a sensor when it moves inside the bore hole.  
 
Figure 5: Electrical resistivity imaging (ERI) field arrangement. 
The third stage is the tubewell design and construction (see Figure 6) which include well development by compressor 
and completion. At least one tube as a recharge point (recharge well) and one as monitoring well need to be 
constructed. The success a well depends on the well design and construction. The designed tube well must be 
efficient and economical with a service life of more than years.  
 
Figure 6: Development of tubewell. 
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The performance of the pumping well is evaluated by conducting step drawdown pumping test. In this test, the water 
is pumped at different discharge rate and at the same time, the water level is observed (refer Figure 7).  
 
Figure 7: Mechanical pump and V-notch weir. 
Monitoring water level recovery after the pump has stopped is very important because it aids the interpretation of the 
pumping test. Time interval is selected based on the recommended minimum intervals for water level measurements 
for pumping test as tabulated in Table 4. The capability of the aquifer and the suitability of the pumping rate needs to 
be determined before groundwater is being used. This is to ensure sustainable amount of groundwater that can be 
extracted and to avoid over-exploitation the groundwater.  
Table 4: Recommended minimum intervals for water level measurements for pumping tests 
During Pumping  
• Every minute for the first 10 minutes 
• Every 2 minutes from 10 minutes to 20 minutes 
• Every 5 minutes from 20 minutes to 50 minutes 
• Every 10 minutes from 50 minutes to 100 minutes 
• Every 20 minutes from 100 minutes to 200 minutes 
During Recovery 
• Every minute for the first 10 minutes 
• Every 2 minutes from 10 minutes to 20 minutes 
• Every 5 minutes from 20 minutes to 50 minutes 
• Every 10 minutes from 50 minutes to 100 minutes 
• Every 20 minutes from 100 minutes to 200 minutes 
 
A clear understanding of groundwater characteristics is important and need to be identified for future use. These 
measurements are the most important input for well-flow equation and identification of hydraulics characteristics such 
as storability, transmissivity and permeability. Several methods can be used to determine the aquifer parameters 
such as Theim, Theis and Cooper Jacob methods. [30] carried out a study on the characteristics of aquifer at UTHM 
and used Theis method to determine the aquifer parameters such as transmissivity (T), storability (S) and hydraulic 
conductivity (K). It can be concluded that the rate of transmissivity for this aquifer was very low and from the identified 
hydraulic conductivity the aquifer can be classified as silt. 
 
3.3 Benefits and limitations 
 
The advantages and benefits of groundwater are undeniable. It is also a source of water that is not susceptible to the 
pollution and generally less expensive to develop than surface water. Groundwater resources are rich in mineral 
substances and can be used as drinking water. In terms of groundwater quality, [31] points that there is an urgent 
need to focus on attention on the problem of groundwater pollution, particularly in the more arid and semiarid regions 
of the world in the case of Asia and the Middle East. Aquifers are vulnerable to pollution from land use activities, 
therefore, it is expected that contamination of the aquifers can occur.  
Thus, water treatment or water improvement needs to be done. Water improvement process is necessary to treat raw 
water to a level that it can be used for certain purposes such as for household use, drinking and industrial use. Water 
treatments that have been widely used around the world are chlorination, flocculation, sedimentation, aeration, 
Weir Box 
Mechanical Pump 
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filtration and dilution. Of all the methods, filtration is one of the most effective and economic methods used to improve 
the quality of water [32]. Thus, filtration can also be applied for groundwater treatment. 
Groundwater quality involves the physical, chemical and biological qualities of groundwater. The example of physical 
water quality parameters are temperature, turbidity, colour, taste and odour. Naturally, groundwater contains mineral 
ions. As the water travels along mineral surfaces in the pores or fractures of the aquifer, these ions will slowly 
dissolve from soil particles, sediments and rocks [33]. These particles are referred to dissolved solids. All of the 
naturally occurring dissolved solids are inorganic constituents except for natural organic matter. The naturally 
occurring dissolved solids are minerals, nutrients, trace elements and trace metals. If the trace elements occur in 
such a low concentration, they are not a threat to human health.  
It may also contain petroleum, organic compounds or other chemicals because of human activities. Contaminated 
groundwater can occur if the well is located on a bear land that is used for farming where the use of chemicals such 
as cropping processor may be the possibility of leakage of the storage tank as a result of  the nearness to the petrol 
station. Leakage from the septic tank or disposal site can also cause contamination. In other words, despite the 
benefit of groundwater that are not susceptible to the pollution, it can also be contaminated because of the human 
behaviour. In a contaminated area, a high concentration of trace metal or elements in groundwater can be found. This 
can cause a serious health problem to human if the groundwater was consume. The example of contaminated areas 
are mining, agriculture and industrial. Once the groundwater is contaminated, its quality cannot be restored back 
easily.  
Therefore, it is important to treat the water before consumption or usage. Filter is a medium or tools that filters water 
from the physical substances such as suspended solids. There are many types of filters such as ceramic, infrared, 
magnetic, ionic and so much more. Filtration process is used to improve the water quality and changes that may 
occur as a result of colour and taste, and composition of the water to avoid any form of threat to human. Previously, 
the medium that have been used as filter are gravel sand, clay and aggregate. Apart from filtration, dilution of 
groundwater with a clean water can also be used to improve the quality of water.  
[34] in their study used different types of medium to treat groundwater using aeration and filtration process. The 
conventional method were carried out by [35] to select the most efficient filter beds to remove manganese from 
groundwater. The research used seven different beds as the filter material: the Greensand, G-1, the Hydrocarbon, 
Zeolite, the Crystal Right, Ecomix A, and Ecomix C. For surface or infiltration water, where there is reduced 
concentration of manganese G-1, the Crystal Right, and Ecomix C are recommended and should be used.  [30] 
investigated groundwater quality (before treatment) at the Universiti Tun Hussein Onn Malaysia (UTHM) from a 
tubewell. Nine (9) samples were collected and analysed. The results are presented in Table 5.  
The total suspended solid (TSS) and pH are within the standard of raw water. While for the turbidity, chloride and 
sodium the values are higher compared to the standards and further treatment needs to be carried out. Therefore, the 
author proposed filtration and aeration systems for groundwater quality improvement (see Figure 8).  
Table 5: Groundwater quality from a tubewell at UTHM and national guidelines for raw drinking water quality 
Parameter 
Average 
Concentration 
Standard of raw 
water* 
pH 
6.2 
5.5 - 9.0 
Turbidity (NTU) 
10 
5 
Total Suspended Solid (TSS) (mg/L) 
160 
250 
Chloride (Cl) (mg/L) 
1852 
250 
Sodium (Na) (mg/L) 
528 
200 
      *Source: Ministry of Health, Malaysia 
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Figure 8: Proposed filtration and aeration system for groundwater quality improvement. 
Over-exploitation of groundwater resources and as a consequence decline in water table are issues that requires 
serious concern. In India, much of India’s agricultural production is dependent on groundwater for irrigation, which 
has led to declining water tables. [36] carried out a study in Terengganu, Malaysia and found that rainfall, runoff and 
infiltration have an influence in recharging of the groundwater level. [30] found that the water level shows monsoon 
rainfall which contributes to an increasing groundwater level. Monsoon season starts sometime in the middle of 
October to March (see Figure 9). Alternative methods need to be implemented to replenish the groundwater, for 
example by channeling harvested rainwater to the wells when it is dry season.  
Figure 9: Groundwater level and rainfall data. 
As discussed in detail earlier, the benefits and limitations of groundwater and RWH as water-supply alternatives are 
listed in Table 6.  
Table 6: Benefits and limitations of alternatives water sources 
Benefits Limitations 
Groundwater 
1) Generally less expensive to develop than surface 
water  
2) Operation and maintenance less expensive than for 
surface water 
3) Environmental disruption associated with surface 
water development is avoided 
1) Quantity and quality may be 
inadequate 
2) Recharge area requires 
    protection 
Rainwater Harvesting 
1) Easy to maintain 
2) Reduces demand on groundwater 
3) Reduces floods and soil erosion 
1) Unpredictable rainfall 
2) Initial high cost 
3) Reduce water bill 
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4. Rainwater harvesting and groundwater recharge  
As our population increases, so does the demand for water. In many areas, ground water is extracted to keep up with 
demand and this has led to low levels of ground water being left over. Rainwater harvesting will be one of the most 
sustainable solutions to release the pressure on the groundwater table. Moreover, the rainwater can improve the 
groundwater quality. 
There are many approaches to water access but rural and remote areas have distinct challenges and opportunities. 
One of the low cost complementary solutions is groundwater recharge. By constructing simple system and allowing 
the rainwater collected to store, it is possible to replenish wells and aquifers (Figure 10). By channeling rooftop 
rainwater into unused and dry open wells or tubewell some several hundred feets deep, it is possible to revitalise the 
thousands of dry wells. Artificial recharge to groundwater is a new concept of rain water harvesting and the structures 
generally used are, 1) Pits, 2) Trenches, 3) Dug wells, 4) Hand pumps, 5) Recharge wells, 6) Recharge Shafts 7) 
Lateral shafts with bore wells 8) Tube wells, and 9) Spreading techniques [37]. Artificial recharge to groundwater is a 
process by which the groundwater is augmented at a rate exceeding that obtained under natural conditions of 
replenishment. Any manmade attempt or facility that adds water to an aquifer may be considered to be an artificial 
recharge to the groundwater system. 
 
Figure 10: Schematic diagram of recharging tube well using rooftop rainwater harvesting. 
RWH, the small scale collection and storage of runoff to augment groundwater stores through recharge, is seen as a 
solution to the deepening groundwater crisis India [38]. One of the purposes of RWH is to store runoff which then 
recharges shallow groundwater aquifers. Due to the monsoon rainfall pattern, RWH stores runoff that might otherwise 
continue downstream. Recharge is one of the most difficult components of the water balance to measure, because it 
needs to be measured below the visible surface and is highly variable; in arid environments, it can be the smallest 
component of the water balance. Nevertheless, it has been reported in previous study that groundwater levels have 
risen 2-8 m, and about 3-8% of rainfall is recharged through RWH structures [35]. For example in India, a study by 
[39] showed a corresponding rise of 35.6, 33.7, 28 ft. in groundwater levels indicating significant improvement of 
groundwater levels. Study carried out by [40] at hydro-meteorology station in UTHM is shown in Figure 11. Based on 
the geological map shown (see Figure 12), this study area consists of unconsolidated deposits from clay and silt 
(marine). In general, the present types of materials exhibit soft soil phenomenon due to its high water content derived 
from high water table of lowland areas. 
 
Figure 11: Tube well constructed at the Universiti Tun Hussein Onn Malaysia. 
  Integrated Water Resources Protection 
 
31 
 
 
 
Figure 12: Geologic map of the study area. 
Fine particle of soils such as clay and silt may associate with low hydraulic conductivity which may influence the 
effectiveness of groundwater recharge and quality extracted from the existing tube well. Hence, above storage would 
be another option to store water (see Figure 13). This study was an attempt to develop dual water supply system 
using RWH and groundwater for residential area. The harvested rainwater is used for direct use and to improve the 
groundwater quality.  
 
Figure 13: System installed at UTHM integrating rooftop rainwater harvesting and groundwater extracted from 
tubewell. 
5. Conclusions  
In Malaysia, there are some water related problems which have raised concerns among water engineers and the 
public. It is a problem of not managing water effectively to achieve desired objectives. Therefore, any attempt to 
manage water resources will have to take into account both the management of excess water (floods) and insufficient 
water (droughts). 
One of the part in the 11
th
 Malaysian Plan (RMK11) [41], Eleventh Malaysia Plan is the conserving natural resources 
for present and future generations. Therefore, adopting the rainwater harvesting system and its utilization will 
recharging groundwater as part of the conservation of natural water resources and solution to the problem mentioned 
above. It is also to conserve and manage water resources to ensure adequate and safe water for all including the 
environment.  
Overall, it can be concluded that rainwater harvesting is an effective option not only to provide adequate storage of 
water for non-potable use but also to recharge the groundwater aquifer. In Malaysia, groundwater accounts for more 
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than 90% of the freshwater resources. This integrated approach could be slowing down the surface water runoff at 
the same time encourage infiltration through the ground which in turn purify the water. It can be applied at any 
location provided the groundwater is available. It could certainly provide an alternative water source when 
conventional piped supply is unavailable and places or states that utilised groundwater as the water supply and 
receive plenty rainwater. This approach has the potential to be applied on a large scale and complex system, so that 
the collected water from large areas could serve large numbers of people, such as institutional and industrial. In 
addition, the 11
th
 Malaysian Plan (RMK11) [41] has emphasi ed on the importance of green growth; growth that is 
efficient in its use of natural resources, minimizes pollution and environmental impacts. Its successful will ensure 
natural capital including water resources is valued and sustainably managed and this innovative approach resulting in 
monetary savings. Moreover, this will contribute to a sustainability and environmental friendly method for restoring 
and conserving the rainwater and groundwater while benefiting from it. In addition, reduce the dependency and 
demand on potable treated water from the water supply. In conclusion, the system could become a good alternative 
source of water supply in Malaysia to deal with the increasing demand and should be accepted and utilized by the 
respective authorities. 
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